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The aim of this study was to explore data from the DEMOCOPHES study population for Romania, Portugal
and Poland, in order to assess smoking patterns and the extent of ETS exposure and compare the national
study samples with reference to the respective anti-smoking laws. The subset of the DEMOCOPHES study
sample consisted of 360 children and their mothers (120 in each of the three countries – Romania (RO),
Portugal (PT) and Poland (PL). Smoking was assessed using a detailed questionnaire for the participants,
which addresses both active and passive smoking.
This assessment uses exposure-relevant questionnaire data, in particular on the home environment
and residence, socio-demographic characteristics, lifestyle such as nutrition, smoking behavior, other
exposure-relevant behavior and occupational history, as well as urinary cotinine and creatinine mea-
surements. We performed general statistical analysis and innovative receiver operating characteristic
(ROC) curve analyses.
Smoking prevalence as evaluated by the questionnaire was generally high, and higher than ofﬁcial
statistics, which suggests some under-reporting in the countries, particularly in Romania. Urinary coti-
nine levels provided biochemical conﬁrmation of the high and similar smoking prevalence for the three
countries. Concerning ETS exposure, Romania presented signiﬁcantly higher levels, for children as well as
for non-smoking mothers, with Portugal showing signiﬁcantly lower levels. Compared to non-smoking
mothers, the children showed relatively higher ETS exposure levels in all three countries.
The established country-speciﬁc optimal cut-off values in urinary cotinine to distinguish smokerstitute of Health and Welfare; AM, arithmetic mean; AUC, area under the curve; Cal/EPA, California Environmental
onsortium to Perform Human Biomonitoring on a European Scale; DEMOCOPHES, Demonstration of a study to Co-
opean Scale; EQUAS, External Quality Assessment Schemes; ETS, environmental tobacco smoke; EU, European Union;
TS, Global Adult Tobacco Survey; GATS, Global Adult Tobacco Survey; GerEs IV, German Environmental Survey for
itoring; ICI, Interlaboratory Comparison Investigations; ISCED, International Standard Classiﬁcation of Education; LOQ,
use and prevention policies, Warning about the dangers of tobacco, Protecting people from tobacco smoke, Enforcing
hip, Offering help to quit tobacco use, Raising tobacco taxes; ROC, receiver operating characteristic; SD, standard
tinine; WHO, World Health Organization
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Please cite this article as: Lupsa, I.-R., et
Romania, Portugal and Poland.... Environ.from non-smokers vary more than those to discriminate ETS exposure extent in non-smoking mothers
and children. Although different between countries, these values are a valuable output to monitor ef-
fectiveness of both national antismoking laws and educational programs in the three countries.
The ﬁndings of this study point to the urgent need for stronger, more effective and well enforced
smoke-free legislation in the three countries.
& 2015 Elsevier Inc. All rights reserved.1. Introduction
Tobacco smoke and environmental tobacco smoke (ETS) are
environmental toxicants, exposure to which involves a mixture of
chemical substances, including the class of non-persistent semi-
volatile organic chemicals (Sexton and Ryan, 2012). More than
4000 chemicals, such as nicotine, polycyclic aromatic hydro-
carbons, aromatic amines, and carbon monoxide, have been
identiﬁed in tobacco smoke, among which more than 250 have
been shown to be toxic (CDC, 2006) and at least 70 carcinogenic
(CDC, 2014).
Research shows that although ETS exposure is a diluted form of
exposure, certain toxic chemicals are present at higher proportions
in ETS than in main-stream smoke. Exposure to freshly generated
sidestream smoke has been reported to be approximately 4 times
more toxic per gram of total particulate matter than mainstream
smoke by inhalation (Schick and Glantz, 2005).
Based on accumulated evidence and copious new data, show-
ing that ETS causes serious and fatal diseases in adults and chil-
dren and that there is no safe level of exposure (WHO, 2007), a
clear scientiﬁc consensus exists on the dangerous health effects of
ETS exposure. Children exposed to ETS are at increased risk of
developing asthma, sudden infant death syndrome, and ear and
respiratory infections (CDC, 2006).
ETS represents a major source of indoor air pollution. Several
relevant reports, including the 2004 monograph from the Inter-
national Agency for Research on Cancer (IARC, 2004), the 2005
report from the California Environmental Protection Agency (Cal/
EPA) (Cal-EPA, 2005)) in the United States of America (US) and the
2006 report of the United States Surgeon General (CDC, 2006),
have synthesized this evidence and also reached unambiguous and
solid conclusions on the adverse health consequences, conclusions
that provide a strong imperative for eliminating ETS exposure.
In its policy on protection against ETS exposure, the World
Health Organization (WHO) strongly recommends compiling and
disseminating this evidence (WHO, 2007). Likewise, Article 8 of
the WHO Framework Convention on Tobacco Control (FCTC)-Pro-
tection from exposure to tobacco smoke-requires Parties to adopt
and implement effective measures, for protection from ETS ex-
posure (WHO, 2003, updated 2004, 2005).
In order to be able to prevent the harmful health effects, it is
necessary to monitor the extent of exposure to tobacco smoke.
This monitoring can be done by using questionnaires on smoking
to obtain information on the number of cigarettes smoked per day
and exposure-relevant behavior, as a cost-effective means of
gathering data to develop an indicator of ETS exposure. However,
people do not always admit they smoke, tending to under-report
(Lewis et al., 2003). Moreover, even for correct reports, the variety
of cigarette types (in terms of chemical components, nicotine le-
vels and structure), of smoking behavior (how intensely cigarettes
are smoked), and of ETS exposure determine the uptake of nico-
tine. This variety leads to different nicotine exposure amongst
equal smoking status (Djordjevic et al., 1995; Chaiton et al., 2005;
Connolly et al., 2007; Jain, 2014) and consequent misclassiﬁcational., Urinary cotinine levels
Res. (2015), http://dx.doi.orgof smokers/non-smokers and probably of ETS exposed/non-ex-
posed, depending how the cigarette type and smoking behavior
are reﬂected in the environmental constituents of tobacco smoke.
Thus, to obtain an accurately quantiﬁed exposure assessment, a
biochemical determination is needed. Among the possible bio-
markers, the preferred one for both active and environmental
exposure to tobacco smoke is cotinine, the major proximate me-
tabolite of nicotine (Jarvis et al., 1988; Benowitz 1996, 1999; UAC,
2008; Benowitz et al., 2009a).
Although cotinine analysis can be performed using blood, ur-
ine, saliva, hair or toenail (Haufroid and Lison, 1998; Al-Delaimy
et al., 2000; Etter et al., 2000; George et al., 2006; Man et al., 2009;
Stepanov et al., 2007), urinary cotinine qualiﬁes for a suitable in-
dicator of ETS exposure due to well established advantages, and
can be used to assess its future public health impact (Wall et al.,
1988; Benowitz et al., 2009a; Tung et al., 2013).
However, cotinine level reﬂects exposure extent, dependent on
external and internal factors (Hukkanen et al., 2005; Matt et al.,
2006), not how (active/passive smoking) the exposure was derived
(Benowitz et al., 2009a, 2009b). Overlaps can occur between less
intense or less frequent active smokers and passive smokers,
making it necessary to establish clear cotinine cut-off points to not
only distinguish active from passive smokers, but also non-smoker
ETS exposure categories, thus improving the accuracy of self-re-
ported status and avoiding misclassiﬁcation. Results from several
studies suggest that the optimal cut-off levels to distinguish
smokers from non-smokers in countries with effective smoke-free
legislation might be much lower than in countries with low to-
bacco control status (Benowitz et al., 2009a, 2009b).
Romania (RO), Portugal (PT) and Poland (PL) are 3 out of the 17
European countries participating in the DEMOCOPHES (Demon-
stration of a study to Coordinate and Perform Human Biomoni-
toring on a European Scale) project. According to the Smokefree
Partnership overview on the EU-smoke-free legislation in 2010
(SFP, 2011), the 3 countries score differently, in terms of the
strength and enforcement of the respective anti-smoking laws,
with a weak, unenforced law in bars, restaurants and workplaces
in RO, an incomplete ban in bars and restaurants in PT and PL, and
a complete ban in workplaces only in PL, although with ventilated
smoking rooms permitted. Considering the summary indicators of
country achievements for each of the MPOWER measures with
comparable compliance scores available to WHO at end of 2012
(WHO, 2013), the following conclusions are evident: a lower
smoking prevalence exists for PT (18.7%) than for RO (24.3%) and
PL (27%); PT scores higher (8) than PL and RO (7) with respect to
protecting people from tobacco use; and all three countries have
different scores for direct bans on tobacco advertising, promotion
and sponsorship (10, 7, and 5, for RO, PT, and PL, respectively).
From a public health perspective, it is important to know
whether and how the different national status on tobacco control
is reﬂected in the active and passive smoking status in each
country. To contribute to that knowledge, the speciﬁc objectives of
this study were to explore data from the DEMOCOPHES study
population from Romania, Portugal and Poland, in order to assess,and environmental tobacco smoke in mothers and children of
/10.1016/j.envres.2015.03.018i
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the smoking patterns, the ETS exposure extent, the urinary coti-
nine (UC) levels, and the misclassiﬁcation of reported smoking
status and extent of ETS exposure, according to the UC literature
cut-off point. Another objective consisted in identifying the opti-
mal UC country-speciﬁc cut-off points that distinguish smokers
from non-smokers and non-smokers exposed to ETS from non-
exposed, according to the smoking status and ETS exposure in the
last 24 h before sampling, respectively.2. Material and methods
Harmonized protocols have been used for recruitment, ﬁeld-
work, sample collection, analysis of biological material and data
management, including statistical analysis. These protocols were
elaborated in the COPHES (Consortium to Perform Human Bio-
monitoring on a European Scale) project and tested in the pilot
study DEMOCOPHES (Joas et al., 2012; Casteleyn et al., in this is-
sue; Bleakley et al., 2014).
2.1. Study population, sampling and data collection
The study population consisted of 120 children (6–11 yr) and
their mothers (r45 yr) in each of the 3 countries. The national
mother–child pairs were recruited via schools from two sampling
locations (60 in each location) with different degrees of urbani-
zation, using the upper and lower category as urban and rural
areas, respectively.
Fieldwork took place between September 2011 and January
2012. Based on a structured questionnaire referring to the parti-
cipants' home environment and residence, socio-demographic
data, lifestyle such as nutrition, smoking behavior, other exposure-
relevant behavior, and occupational history data were collected
from the mothers by trained ﬁeldworkers in a face-to-face manner
(on paper or Computer Assisted Personal Interview).
The question on exposure to environmental tobacco smoke
(during the last 24 h before sampling, at home and elsewhere) was
used to gather information on ETS exposure. Women who re-
ported smoking daily or occasionally were classiﬁed as smokers
and the self-reported never or former smokers, as non-smokers.
All mothers and children provided ﬁrst morning urine samples,
according to standardized procedures.
2.2. Biomarker analysis
Using validated methods (Schindler et al., 2014), cotinine and
creatinine measurements in urine were performed by different
“qualiﬁed laboratories” which had successfully participated in the
external quality assessment exercises organized by COPHES, con-
sisting in two Interlaboratory Comparison Investigations (ICI) and
two External Quality Assessment Schemes (EQUAS). Detailed
analytical methods are described elsewhere (De Cremer et al.,
2013; Stragierowicz et al., 2013).
Shortly, a solution of cotinine-d3 was added to urine samples as
an internal standard, and extraction with SPE on-line (Romania) or
off-line method was carried out, followed by liquid chromato-
graphy separation and tandem mass spectrometry detection.
Quantiﬁcation of cotinine was done based on cotinine/cotinine-d3
ratio. The limit of quantiﬁcation (LOQ) was 0.7 μg/L.
Creatinine in urine was measured using the Jaffe method
(Larsen, 1972).
2.3. Statistical analysis
Relevant questionnaire and biomarker data of the 3 countriesPlease cite this article as: Lupsa, I.-R., et al., Urinary cotinine levels
Romania, Portugal and Poland.... Environ. Res. (2015), http://dx.doi.orgwere taken from the central database. Biomarker values below
LOQ were replaced by ½ LOQ. Samples with values o300 mg
creatinine/L or43000 mg creatinine/L were excluded from the
statistical analysis (WHO, 1996). The general statistical analysis
was performed following the common Statistical Analysis Plan
developed by COPHES WP4 (Den Hond et al., 2015)
The main characteristics of the study population were sum-
marized, both for the mothers and for the children, through the
median, the 25th and 75th percentiles, and the maximum and
minimum values (for continuous parameters), and frequencies and
percentages (for the categorical), and compared between coun-
tries, using for numerical variables the One-way ANOVA test or its
non-parametric alternative, Kruskal–Wallis test for numeric vari-
ables, and the Pearson's chi-squared test for categorical variables.
Urinary cotinine levels were determined by country and group
of children and mothers, stratiﬁed by categories of smoking status
(the mothers) and extent of ETS exposure in the last 24 h (the
children and non-smoker mothers). The Kruskal–Wallis test and
Pairwise Multiple Comparison Procedures-Dunn's Method, was
performed to compare the median values of urinary cotinine be-
tween the three countries. Multiple-way ANOVA and multiple
linear regression models were also adjusted to the base 10 loga-
rithm of UC to compare UC levels between countries adjusted for
age, body mass index and education.
Receiver operating characteristic (ROC) curve analysis is a
graphical and quantitative technique that is increasingly used to
determine the cut-off values for biomarkers of exposure to tobacco
smoke (Benowitz et al., 2009a, 2009b; Goniewicz et al., 2011;
Stragierowicz et al., 2013; Zielińska-Danch et al., 2007, 2009). The
UC optimal country-speciﬁc cut-off values for smoking status and
extent of ETS exposure are those urinary cotinine levels that
maximize the total probability of correct classiﬁcation in distin-
guishing non-smokers from smokers and ETS exposure strata of
non-smokers in each country.
ROC curve analysis was used to identify the optimal cut-off
values for each country, based on the measurement of uncorrected
and creatinine-corrected UC levels and the dichotomous self-re-
ported information in the countries, relative to smoking status and
to ETS exposure during the 24 h before sampling. Overall accuracy
was evaluated using the area under the curve (AUC), which shows
the ability of the UC to correctly classify smoking status and ETS
exposure extent, in the sense that a greater degree of separation
between the UC distributions either among smokers/non-smokers
or dichotomous ETS exposure strata of non-smokers will result in
higher areas under the ROC curves. The optimal cut-off value for
UC was the value associated with Youden's index (J), deﬁned by:
J¼maximum [(sensitivityþspeciﬁcity) – 1] (Perkins and Schister-
man, 2006). To verify correctness of Youden's index calculation,
every ROC curve was tested twice, taking into account dis-
crimination of exposure as positive and as negative in second
scenario, and the results did not vary.
The overall misclassiﬁcation of self-reported smoking status
based on UC levels encompasses the proportions of both self-re-
ported non-smokers exceeding the UC cut-off point and self-re-
ported smokers below that point, being computed as (1 – speci-
ﬁcity) and (1 – sensitivity), respectively. In relation to ETS ex-
posure extent, the overall misclassiﬁcation based on UC levels is
identically computed, using equivalent data from non-smokers
that were reported as ETS exposed and as ETS non-exposed. For
inter-country comparative purposes, the data on misclassiﬁcation
of both the self-reported smoking status and the ETS exposure
extent were analyzed for each country, using the currently re-
commended and most widely used UC cut-off levels of 50 mg/g
creatinine (Riboli et al., 1995) and 50 mg/L (Jarvis et al., 1987),
hereinafter both generally designated as the “literature cut-off”
point.and environmental tobacco smoke in mothers and children of
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IBM program SPSS vs 20.0 (IBM SPSS) and the STATA 11.2 program
were used for the statistical analysis.3. Results
3.1. Reported characteristics of the global study sample
The most relevant characteristics of the studied population
(children and their mothers) in the 3 countries are presented in
Tables 1 and 2.
In total, 360 mother–child pairs were included, 120 from each
country, equally divided between two national areas with different
degree of urbanization, namely the urban and rural areas.
When comparing the mothers' demographic characteristics
between countries (Table 1), statistically signiﬁcant differences
were found in the age and education distributions, with the Ro-
manian slightly younger and more educated than the Portuguese
and Polish mothers at the secondary, but not at the tertiary level.
Regarding body weight and height, signiﬁcant differences were
also found between countries, with Polish mothers presenting
higher median weight and height than mothers from Romania and
Portugal. Nevertheless, these differences were no longer sig-
niﬁcant when comparing the median levels of BMI.
The differences between countries in the distribution of studied
mothers according to their smoking habits was marginallyTable 1
Characterization of the mothers study population by country and global.
Characteristics of study population Romania (RO)
Age, years Median (n) 36 (120)
P25–P75 33–38
Min.–max. 25–45
Age distribution r35 years 56/120 (46.7%
35–40 years 55/120 (45.8%
Z40 years 9/120 (7.5%)
Highest educational level of the family Primary (ISCEDa 0–2) 14 (11.7%)
Secondary (ISCED 3–4) 60 (50%)
Tertiary (ISCED 5–6) 46 (38.3%)
Body weight, kg Median (n) 61 (120)
P25–P75 55–70
Min.–max. 35–112
Height, cm Median (n) 164 (120)
P25–P75 160–167
Min.–max. 147–178
Body-mass index, kg/m² Median (n) 23.4 (120)
P25–P75 20.8–26.0
Min.-max 14.7–41.0
Smoking habits Daily smoker 30/120 (25%)
Occasional smoker 7/120 (5.8%)
Former smoker 19/120 (15.8%
Non-smoker (never) 64/120 (53.3%
ETSb exposure at homecd Yes 24/83 (28.9%)
No 59/83 (71.1%)
ETS exposure elsewherecd Frequent 66/83 (79.5%)
o0.001nnn Sometimes
ETS exposure in last 24 hd Yes 14/83 (16.9%)
No 69/83 (83.1%)
p-Value of comparison between countries.
n Kruskal–Wallis test.
nnn Pearson’s chi-squared test.
nn One way ANOVA.
a ISCED: International Standard Classiﬁcation of Education.
b ETS: Environmental Tobacco Smoke.
c N¼360, for the 3 countries, and N¼120, for each country, unless otherwise indica
d For former and non-smokers only.
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prevalence of daily and occasional smokers (39.2%) than those
from Romania (30.8%) and Poland (29.2%). Regarding ETS exposure
at home and elsewhere, signiﬁcant differences were found be-
tween countries. Especially for exposure at home, a higher pre-
valence was found in Romania (28.9% at home; 79.5% elsewhere)
and Poland (25.9% at home; 67.1% elsewhere) than in Portugal
(8.2% at home; 46.6% elsewhere). Nevertheless, the frequency of
ETS exposure in the last 24 h was not signiﬁcantly different be-
tween the three countries.
Within the study group of the children from the 3 countries
(Table 2), there was a good equilibrium between gender classes
and age groups, meaning that there were no signiﬁcant differences
regarding gender and age. Differences between countries were
however observed in the children's height, with the Romanian
children presenting lower median height compared with the
Portuguese and Polish, although the differences observed for body
weight and BMI were not signiﬁcant. Signiﬁcant differences were
also observed in the ETS exposure at home and elsewhere, in the
same directions of the differences observed for the mothers,
meaning that children in Poland and Romania presented higher
frequency of ETS exposure than in Portugal. Equal to what was
observed for the mothers, the frequency of ETS exposure of the
children in the last 24 h was not signiﬁcantly different between
countries. Moreover, the prevalence of reported current ETS ex-
posure in the children and in the mothers was of the same order of
magnitude.Portugal (PT) Poland (PL) Global (ROþPTþPL) P
38 (120) 37 (120) 37 (360) 0.001n
35–41 33–40 34–40
26–45 27–45 25–46
) 36/120 (30%) 52/120 (43.3%) 144/360 (40.0%) 0.001nnn
) 53/120 (44.2%) 44/120 (36.7%) 152/360 (42.2%)
31/120 (29.8%) 24/120 (20%) 64/360 (17.8%)
27 (22.5%) 27 (22.5%) 68 (18.9%) 0.007nnn
40 (33.3%) 35 (29.2%) 135 (37.5%)
53 (44.2%) 58 (48.3%) 157 (43.6%)
60 (120) 65 (120) 62 (360) 0.003n
56–72 60–75 57–72
45–110 46–107 35–112
163 (120) 166 (120) 164 (120) 0.002nn
158.8–168 162–170 160–169
150–184 150–181 147–184
24.3 (120) 23.6 (120) 23.2 (360) 0.096n
20.7–27.2 21.5–26.8 21.2–26.4
17.0–41.0 18.2–39.9 14.7–41.2
36/120 (30%) 23/120 (19.2%) 89/360 (24.7%) 0.056nnn
11/120 (9.2%) 12/120 (10.0%) 30/360 (8.3%)
) 27/120 (22.5%) 16/120 (13.3%) 62/360 (17.2%)
) 46/120 (38.3%) 69/120 (57.5%) 179/360 (49.7%)
6/73 (8.2%) 22/85 (25.9%) 52/241 (21.6%) 0.002nnn
67/73 (91.8%) 63/85 (74.1%) 189/241 (78.4%)
34/73 (46.6%) 57/85 (67.1%) 157/241 (65.1%)
17/83 (20.5%) 39/73 (53.4%) 28/85 (32.9%) 84/241
(34.9%)
18/73 (24.7%) 19/85 (22.4%) 51/241 (21.2%) 0.467nnn
55/73 (75.3%) 66/85 (77.6%) 190/241 (78.8%)
ted.
and environmental tobacco smoke in mothers and children of
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Table 2
Characterization of the children study population by country and global
Characteristics of study population Romania (RO) Portugal (PT) Poland (PL) Global
(ROþPTþPL)
P
Age, years Median (n) 9 (120) 8 (120) 8 (120) 8 (360) 0.895n
P25–P75 7–10 7–10 7–10 7–10
Min.-max. 6–11 5–11 6–11 5–11
Age distribution 6–8 years 60/120 (50.0%) 62/120 (51.7%) 60/120 (50%) 182/360 (50.6%) 0.957nnn
9–11 years 60/120 (50.0%) 58/120 (48.3%) 60/120 (50%) 178/360 (49.4%)
Gender Boy 58/120 (48.3%) 60/120 (50%) 60/120 (50%) 178/360 (49.4%) 0.957nnn
Girl 62/120 (51.7%) 60/120 (50%) 60/120 (50%) 182/360 (50.6%)
Body weight, kg Median (n) 30 (120) 31 (120) 32 (120) 31 (120) 0.367n
P25–P75 25–35 25–36 25–40 25–36
Min.–max. 16–54 16–78 18–60 16–78
Height, cm Median (n) 131 (120) 135.2 (120) 136.9 (120) 133 (360) o0.001nn
P25–P75 124.5–140 126–144.3 122–146 125–144
Min.–max. 98–165 108–164 109–163 98–165
Body-mass index, kg/m² Median (n) 17.4 (120) 16.6 (120) 16.7 (120) 17.5 (360) 0.349n
P25–P75 15.3–19.5 15.3–19.1 15.2–18.7 15.3–19.2
Min.–max. 12.5–30.0 12.2–29.0 10.7–30.61 10.7–30.6
ETSa exposure at homebc Daily 26/120 (21.7%) 18/120 (15%)) 23/120 (19.3%) 67/360 (18.7%) 0.005nnn
Less than daily 23/120 (19.2%) 6/120 (5%) 17/120 (14.3%) 46/360 (12.8%)
Never 71/120 (59.2%) 96/120 (80%) 79/120 (66.4%) 246/360 (68.5%)
ETS exposure elsewherebc Frequent 71/120 (59.2%) 50/120 (41.7%) 56/118 (47.5%) 177/358 (49.4%) 0.022nnn
Sometimes 49/120 (40.8%) 70/120 (58.3%) 62/118 (52.5%) 181/358 (50.6%)
ETS exposure in last 24 hc Yes 28/120 (23.3%) 34/120 (28.3%) 32/120 (26.7%) 92/120 (26.2%) 0.668nnn
No 92/120 (76.7%) 86/120 (71.7%) 88/120 (73.3%) 259/120 (73.8%)
p: p-value of comparison between countries
n Kruskal–Wallis test.
nnn Pearson’s chi-squared test.
nn One way ANOVA.
a ETS: Environmental Tobacco Smoke.
b N¼360, for the 3 countries, and N¼120, for each country, unless otherwise indicated.
c For former and non-smokers only.
Table 3
Distributions of urinary cotinine values (μg/L) (median, geometric mean, 25% and 75% percentiles, minimum and maximum) by country and global, stratiﬁed according to
smoking status (all mothers) and ETS exposure in the last 24 h (non-smoking mothers and children).
Characteristics of study population Romania (RO) Portugal (PT) Poland (PL) Global (ROþPTþPL) P P#
All mothers, smoking status
Smokers Median (n) 1233.8 (37) 1294.5 (47) 952.8 (35) 1024.5 (119) 0.544n 0.730nn
Geometric mean 540.1 602.5 455.9 536.5
P25–P75 301.3–1701.9 509.9–2006.7 550.8–1661.5 442.3–1802.9
Min.–max. 0.4–3848.5 0.4–4796 0.4–3525.0 0.4–4796
Non-smokers Median (n) 1.4 (80) 0.4 (73) 0.9 (85) 0.8 (238) o0.001n o0.001nn
Geometric mean 3.6 0.8 1.2 1.5
P25–P75 0.35–13.4 0.35–0.9 0.4–1.68 0.35–2.3
Min.–max 0.35–4513.3 0.35–89.7 0.4–1506.4 0.35–4513.3
Non-smoking mothers, ETS exposure last 24 h
Exposed Median (n) 7.4 (13) 1.0 (18) 3.2 (19) 3.1 (50) 0.001n 0.035nn
Geometric mean 9.2 1.6 7.7 4.6
P25–P75 3.2–21.1 0.4–6.1 1.2–23.88 1.2–14.2
Min.–max. 1.3–242.4 0.4–33.0 0.40–1506.4 0.35–1506.4
Non-exposed Median (n) 1.1 (67) 0.4 (55) 0.4 (66) 0.4 (188) 0.010n o0.001nn
Geometric mean 2.9 0.6 0.7 1.1
P25–P75 0.4–4.2 0.4–0.8 0.4–1.1 0.4–1.4
Min.–max. 0.4–4513.3 0.4–89.7 0.4–13.1 0.4–4513.3
Children, ETS exposure last 24 h
Exposed Median (n) 8.7 (28) 2.2 (34) 7.4 (32) 6.1 (94) o0.001n o0.001nn
Geometric mean 7.9 2.4 7.8 5.1
P25–P75 5.8–12.9 0.9–8.2 3.1–16.6 1.9–12–4
Min.–max. 0.8–52.4 0.4–31.9 0.8–88.5 0.4–88.5
Non-exposed Median (n) 0.9 (91) 0.5 (86) 0.6 (88) 0.8 (265) 0.005n 0.002nn
Geometric mean 1.3 0.8 0.8 0.9
P25–P75 0.4–2.8 0.4–1.4 0.4–1.5 0.4–1.7
Min.–max 0.4–31.9 0.4–31.4 0.4–10.9 0.4–31.9
p-Value of comparison between countries.
n Kruskal–Wallis test.
nn Multiple-way ANOVA.
# p: p-value of comparison between countries obtained by multiple way ANOVA on the log10 of UC adjusted for confounders (age, body mass index and education level
[except for children]).
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Fig. 1. Box-plot of the urinary cotinine (μg/L) by country, for all mothers according to smoking status (graph on the left), for non-smoking mothers according to ETS exposure
in the last 24 h (central graph) and for children according to ETS exposure in the last 24 h (graph on the right).
I.-R. Lupsa et al. / Environmental Research ∎ (∎∎∎∎) ∎∎∎–∎∎∎63.2. Distribution of urinary cotinine levels according to smoking
habits and ETS exposure in the last 24 h by country (Romania, Por-
tugal and Poland)
Urinary cotinine and creatinine were measured in all the valid
samples of mothers and children of the study groups. Thus the
statistical analysis was performed for data on cotinine from 357
mothers and 359 children and for data on cotinine/creatinine from
355 mothers and 352 children. In children, the geometric mean
(95% CI) for urinary uncorrected and creatinine-corrected cotinine
equaled 1.49 (1.12–1.98) mg/L and mg/g creatinine. In mothers, in-
cluding smokers and non-smokers, the UC levels were much
higher compared to in children, equaling 10.98 (8.27–14.58) mg/L
and 9.10 (6.85–12.08) mg/g creatinine.
According to Table 3 and Fig. 1, no statistically signiﬁcant dif-
ferences were observed in the UC levels distribution between
countries within the smoking mothers group. Considering the
group of the non-smokers, the UC levels distributions differ sig-
niﬁcantly (po0.001), with Romania presenting higher values than
the other studied countries.
The countries differed signiﬁcantly in both strata (exposed/
non-exposed) of the 24 h ETS exposure status within non-smoking
mothers. Through not shown multiple linear regression models
adjusted for age, body mass index and education (the last one only
for mothers), Romania presents UC levels signiﬁcantly higher than
Poland and Portugal, among either the ETS exposed (p¼0.015) and
the ETS non-exposed (po0.001) mothers.
In the same strata for children, signiﬁcant differences were also
found in UC levels distribution between countries. As observed for
the non-smoking mothers, in Romania the children present higher
UC levels when compared (also through multiple linear regression
models) to those from each of the other two countries, either
within the ETS exposed (po0.001) and the ETS non-exposed
children (po0.001).Table 4
Correlations between mother and children urinary cotinine levels (uncorrected [mg/L] a
country.
Mothers' smoking status Units to express urinary cotinine data Correla
Smokers Uncorrected urinary cotinine levels (mg/L) Rho (n
p
Corrected urinary cotinine levels (mg/g creatinine) Rho (n
p
Non-smokers Uncorrected urinary cotinine levels (mg/L) Rho (n
p
Corrected urinary cotinine levels (mg/g creatinine) Rho (n
p
Rho: Spearman's rank correlation coefﬁcient; n: number; p: p-value for Spearman's ran
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according to smoking status of the mother by country (Romania,
Portugal and Poland)
As shown in Table 4 and Fig. S1, among the smoking mothers
moderate to weak correlation levels were found between mother
and child UC levels in each of the three countries. The lowest
correlation coefﬁcients were observed in Romania (rho¼0.284;
p¼0.889), with results basically the same when UC creatinine-
corrected values were used.
Within the non-smoking mothers group, Spearman correlation
coefﬁcients were higher and statistically signiﬁcant in all coun-
tries, ranging from 0.557 in Portugal to 0.739 in Poland.
3.4. Urinary cotinine optimal cut-off values for ETS exposure and
smoking status – the ROC curve analysis
Concerning smoking status, all children were assumed to be
non-smokers, as reported by their mothers. Furthermore and as
shown in Table 5, among the study population with cotinine/
creatinine measurements, 67% of the mothers declared themselves
to be former or never smokers, thus classiﬁed as non-smokers. ETS
exposure in the 24 h before sampling was reported by 21% of the
self-reported non-smoking mothers and 26% of the children with
valid urine samples.
On the basis of these classiﬁcations and the corresponding
uncorrected and creatinine-corrected UC levels, the country spe-
ciﬁc UC optimal cut-off values shown in Table 5 were calculated by
the Youden's index and parameters of ROC curve analysis. These
cut-off values distinguish smoker from non-smoker mothers in
each country and, for children and their non-smoking mothers,
ETS exposed from non-exposed in the last 24 h, in each group and
country. Since the optimal cut-off points are determined using as a
reference reported smoking status (or ETS exposure extent), the
reporting validity is determinant. Considerable misclassiﬁcationnd creatinine-corrected [mg/g creatinine]) stratiﬁed by mother smoking status and
tion statistics Romania (RO) Portugal (PT) Poland (PL) Global (ROþPTþPL)
) 0.284 (37) 0.469 (47) 0.508 (35) 0.355 (119)
0.889 0.009 0.002 o0.001
) 0.224 (37) 0.609 (47) 0.581 (34) 0.489 (118)
0.184 o0.001 o0.001 o0.001
) 0.583 (79) 0.557 (73) 0.739 (85) 0.619 (237)
o0.001 o0.001 o0.001 o0.001
) 0.589 (79) 0.487 (68) 0.624 (82) 0.573 (229)
o0.001 o0.001 o0.001 o0.001
k correlation.
and environmental tobacco smoke in mothers and children of
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Table 5
Receiver operating characteristics (ROC) and optimized cut-off values of urinary uncorrected (mg/L) and creatinine-corrected (mg/g creatinine) cotinine for all mothers and for
non-smoking mothers and children, using as reference the reported smoking status and ETS exposure in the last 24 h, respectively.
Groups Countries UC optimal cut-off value Sensitivity (%) Speciﬁcity (%) Youden's index AUC 95% CI
All mothers Smoking
Yes No Cotinine (mg/L) p¼0.395
35 85 PL 4.4 94.3 90.6 0.850 0.950 0.901–0.995
47 73 PT 7.9 95.7 93.2 0.889 0.965 0.922–1.000
37 80 RO 254.2 83.8 91.3 0.750 0.914 0.853–0.975
Cotinine (mg/g creatinine) p¼0.729
35 85 PL 24.8 88.6 94.1 0.827 0.947 0.899–1.000
47 71 PT 6.1 95.7 94.4 0.901 0.958 0.907–1.000
37 80 RO 165.8 89.2 87.5 0.767 0.928 0.875–0.982
Non smoking mothers ETS exposure
Yes No Cotinine (mg/L) p¼0.031
19 66 PL 1.4 84.2 84.9 0.691 0.892 0.809–0.975
18 55 PT 1.2 50.0 87.3 0.373 0.697 0.550–0.843
13 67 RO 2.7 92.3 73.1 0.654 0.760 0.659–0.862
Cotinine (mg/g creatinine) p¼0.401
19 66 PL 1.2 73.7 74.2 0.479 0.819 0.718–0.920
17 54 PT 2.1 47.1 92.6 0.397 0.723 0.580–0.866
13 67 RO 1.5 92.3 65.7 0.580 0.728 0.611–0.845
Children ETS exposure
Yes No Cotinine (mg/L) p¼0.005
32 88 PL 2.1 87.5 88.6 0.761 0.931 0.883–0.979
34 86 PT 1.4 64.7 77.9 0.426 0.764 0.666–0.862
28 91 RO 4.80 82.1 84.6 0.668 0.848 0.774–0.922
Cotinine (mg/g creatinine) p¼0.034
31 85 PL 3.2 74.2 89.4 0.636 0.907 0.853–0.962
33 84 PT 2.2 60.6 79.8 0.404 0.757 0.655–0.858
28 91 RO 2.5 92.9 74.7 0.676 0.854 0.785–0.923
UC: Urinary cotinine; AUC: area under the curve; Youden's index¼max (sensitivityþspeciﬁcity – 1); p: p-value for comparison of the AUC between countries.
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the UC levels distributions, depending on the type of misreporting,
and to an over- or under-estimation of the optimal cut-off level.
To distinguish smokers from non-smokers, the optimal coun-
try-speciﬁc cut-offs varied from 4.45 mg/L in Poland to 254.15 mg/L
in Romania and from 6.07 mg/g creatinine in Portugal to 165.8 mg/g
creatinine in Romania, when based on uncorrected and creatinine-
corrected UC data, respectively. All AUC values were above 90%
and no statistical differences were found in AUC values between
countries (Table 5 and Figs. S2 and S3), meaning that although the
cut-offs are very different, the corresponding capacity to dis-
criminate between smokers and non-smokers in the respective
country is high and equivalent in the three countries.
On the contrary, the determined UC cut-off levels to distinguish
ETS exposed from non-exposed children, although also different,
had a much lower variation between countries (1.45 in Portugal to
4.80 mg/L in Romania and 2.15 in Portugal to 3.18 mg/g creatinine in
Poland) and the discriminant capacity presented a signiﬁcant
variation (p¼0.005), with country speciﬁc AUC values ranging
from 0.764 to 0.931, respectively for Portugal and Poland. The
same analysis using creatinine-corrected UC levels showed similar
results, although lower variability between country-speciﬁc cut-
offs. Since the poorest discriminant capacity is observed for the
country with the lowest UC optimal cut-off point, this can be in-
terpreted as reﬂecting for Portugal an approximation of the ETS
exposed UC levels to those of the non-exposed.
The optimal cut-offs to distinguish ETS exposure categories of
non-smoking mothers were very close to those obtained in chil-
dren, although with less variability between countries (1.15 in
Portugal to 2.65 mg/L in Romania and 1.16 in Poland to 2.09 mg/g
creatinine in Portugal). AUC values varied signiﬁcantly between
countries when the uncorrected UC levels were used, but differ-
ences were no longer signiﬁcant for creatinine-corrected values
(Table 5).
Overall, these ﬁndings show that the optimal UC country-spe-
ciﬁc cut-offs are similar between children and non-smokingPlease cite this article as: Lupsa, I.-R., et al., Urinary cotinine levels
Romania, Portugal and Poland.... Environ. Res. (2015), http://dx.doi.orgmothers, relatively reduced except for distinguishing smokers
from non-smokers, and most often lower in Portugal.
3.5. Misclassiﬁcation of reported smoking status and ETS exposure
extent
To evaluate misclassiﬁcation of reported smoking status and
ETS exposure extent based on UC levels, the established optimal
cut-off points and the “literature cut-off”were applied to the study
sample from Romania, Portugal and Poland, separately for children
and their mothers. Fig. 2 and Fig. S4 show the distributions of UC
levels (uncorrected and corrected for creatinine) by country, pro-
posed optimal UC group- and country-speciﬁc cut-off points and
the UC literature cut-off for self-reported smoking and non-
smoking mothers (upper 3 graphs' panel) and for ETS exposure
strata of non-smoking mothers and children, respectively in the
central and bottom graphs' panels. An overlap (apparently differ-
ent at the group and country level) is evident between corre-
sponding UC distributions, with the UC levels for self-reported
non-smokers, or for reported ETS non-exposed, spread over the
range of the smokers or that of the ETS exposed, respectively. The
reverse situation is also true. Overall, this means that there are UC
levels above the corresponding group- and country-speciﬁc opti-
mal cut-off values among both the women reported as non-smo-
kers and the persons reported as ETS non-exposed (children and
non-smoking mothers), but also UC levels of reported smokers and
reported ETS exposed persons below those limits.
The misclassiﬁcation of the groups was calculated using the
literature cut-off and the distributions of unadjusted and creati-
nine-adjusted UC levels for each country and study group
(Table 6).
Using unadjusted data, for the mothers self-reported as non-
smokers, the misclassiﬁcation (given by the proportion of women
with UC levels above the literature cut-off) varied from 2.7% (PT) to
17.5% (RO). This means that in Romania almost one in every ﬁve
women (not smoking or misreporting their smoking status) hadand environmental tobacco smoke in mothers and children of
/10.1016/j.envres.2015.03.018i
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Fig. 2. Histograms of urinary cotinine levels by country with respective optimal cut-off (dashed line) and literature cut-off of 50 μg/L (solid line), for all mothers stratiﬁed by
smoking status (upper three graphs' panel), for non-smoking mothers stratiﬁed by ETS exposure in the last 24 h (central three graphs' panel) and for children stratiﬁed
according to ETS exposure in the last 24 h (bottom three graphs' panel).
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proportion of self-reported smokers (lower in RO) had UC levels
below the value that distinguishes smokers from non-smokers,
probably reﬂecting less active smoking habits or heavy passive
exposure to tobacco smoke (passive smokers).
Among the non-smoking mothers reported as ETS non-ex-
posed, the misclassiﬁcation rates varied from 0% in PL to 19.4% in
RO. The misclassiﬁcation rate for the children was zero in all
countries. This means that none of the children reported as ETS
non-exposed presented UC levels above the literature cut-off.
Concerning mothers, and again in a more expressive way in RO, a
maternal misreporting or unknown heavy exposure to tobacco
smoke was found, reﬂected in cotinine levels exceeding the limit
for non-smokers. Among the same group and considering the
mothers and the children reported as currently exposed to ETS, it
was evident that, although the great majority had UC levels that
did not reach the smokers/non-smokers cut-off point, there are
children in Poland (6.3%) and in Romania (3.6%) exposed to ETS in
the last 24 h before sampling, whose UC levels are so high that
these identify them as smokers. This situation can also be ob-
served for the mothers, in proportions of 7.7% in RO and 15.8% in
PL. Portugal is the only studied country where none of the re-
ported ETS-exposed non-smokers children or mothers presents UC
levels above the literature cut-off point.
Using creatinine-corrected data, the ﬁndings are quite similarPlease cite this article as: Lupsa, I.-R., et al., Urinary cotinine levels
Romania, Portugal and Poland.... Environ. Res. (2015), http://dx.doi.orgexcepting that, also for Romania, none of the reported ETS-ex-
posed children presents UC levels typical of smokers.4. Discussion
4.1. Main ﬁndings in relation to smoking and ETS exposure in the
study sample
Overall, 25.0, 19.2 and 30.0% of the mothers from Romania,
Portugal and Poland, respectively, have reported smoking daily.
Except for Portugal, these values are equal to or slightly lower than
those for the general population in 2012 (shown in the “WHO
Report on the Global Tobacco Epidemic, 2013”), which were 24.3,
18.7 and 27.0%, respectively (WHO, 2013). Due to the non-re-
presentative nature of the study sample, the differences between
the smoking prevalence registered in the WHO Report and ob-
served in the national groups of mothers have to be interpreted
with care. Nevertheless, the higher reported prevalence of ETS
exposure at home and elsewhere for children and mothers found
by this study in Romania and Poland when compared with Por-
tugal could reﬂect the higher smoking prevalence shown by the
WHO Report in these two countries, also pointing to a likely
higher smoking under-reporting by the mothers from Romania
and Poland than those from Portugal.and environmental tobacco smoke in mothers and children of
/10.1016/j.envres.2015.03.018i
Table 6
Misclassiﬁcation rates of reported smoking status and ETS exposure extent of non-smoking mothers and children based on the UC “literature cut-off” point.
Units to express urinary cotinine Groups Countries UC “literature cut-off”a Misclassiﬁcation rate (%)
Speciﬁcity (%) Sensitivity (%) (1-Speciﬁcity)b (1-Sensitivity)c
mg/L All mothers Smoking
Yes No
35 85 PL 96.5 85.7 3.5 14.3
47 73 PT 97.3 87.2 2.7 12.8
37 80 RO 82.5 89.2 17.5 10.8
Non smoking mothers ETS exposure
Yes No
19 66 PL 100.0 15.8 0.0 84.2
18 55 PT 96.4 0.0 3.6 100.0
13 67 RO 80.6 7.7 19.4 92.3
Children ETS exposure
Yes No
32 88 PL 100.0 6.3 0.0 93.7
34 86 PT 100.0 0.0 0.0 100.0
28 91 RO 100.0 3.6 0.0 96.4
mg/g creatinine All mothers Smoking
Yes No
35 85 PL 96.5 85.7 3.5 14.3
47 71 PT 97.2 87.2 2.8 12.8
37 80 RO 83.8 89.2 16.2 10.8
Non smoking mothers ETS exposure
Yes No
19 66 PL 100.0 15.8 0.0 84.2
17 54 PT 98.2 5.9 1.8 94.1
13 67 RO 82.1 7.7 17.9 92.3
Children ETS exposure
Yes No
31 85 PL 100.0 6.5 0.0 93.5
33 84 PT 100.0 0.0 0.0 100.0
28 91 RO 100.0 0.0 0.0 100.0
a UC literature cut-off is taken as 50 mg/L, one of the most widely used UC cut-off point for uncorrected UC data (Jarvis et al., 1987), and 50 mg/g creatinine, the currently
recommended cut-off level for creatinine-corrected UC data (Riboli et al., 1995).
b Self-reported non-smokers or reported ETS non-exposed (non-smoking mothers or children).
c Self-reported smokers or reported ETS exposed (non-smoking mothers or children).
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niﬁcantly between countries and in all strata (non-smoking mo-
thers, ETS exposed and non-exposed mothers and children). Either
for the children or for the non-smoking mothers, the differences
observed between the countries' median UC levels suggest an ETS
exposure in claimed non-smokers reﬂecting: (i) the lower national
2012 smoking prevalence in Portugal (WHO, 2013), compared with
the corresponding values for the other two countries (also sug-
gested by the above mentioned ﬁndings relative to the prevalence
of reported ETS exposure in the study sample); (ii) the maternal
smoking misreporting in Romania and Poland, already reported in
other studies (Becker et al., 2003) and also suggested by the above
ETS exposure ﬁndings; (iii) a potentially higher smoking pre-
valence in Romania than in Poland (also reported by the mothers
of this study and statistically signiﬁcant), which, by reference to
the WHO Report and assuming that the differences between the
Report's smoking prevalence for Romania and Poland are not by
chance, is suggestive of a higher national smoking under-reporting
in Romania than in Poland.
Within this context, it is notable that the moderate to high
correlations between the UC levels of non-smoking mothers and
their children at country level may reﬂect a relatively frequent
common source of ETS exposure. Moreover, unless the maternal
smoking under-reporting is a reality, especially in Romania, the
children's passive smoking from the maternal smoking habits
seems to be less likely, given the weak to moderate correlations
between self-reported smokers and their children, in all countries,
particularly in Romania.
This study found: (i) a smoking prevalence in the threePlease cite this article as: Lupsa, I.-R., et al., Urinary cotinine levels
Romania, Portugal and Poland.... Environ. Res. (2015), http://dx.doi.orgcountries that is higher in RO and lower in PT; (ii) a generalized
exposure to ETS in the population of the three countries that fol-
lows the same order of the smoking prevalence; and (iii) a likely
smoking status misreporting that seems to be also more common
in RO than in PL and PT. Conﬁrming the exposure to ETS of the
general population of the three countries and the corresponding
health risks, these ﬁndings point once more to the urgent need for
implementing effective measures to reduce/control the ETS ex-
posure in these countries.
Studies carried out worldwide on the effects of smoking bans
on ETS showed that such policies result in considerable reductions
in exposure to ETS, as well as in the improvement of health status
(Pirkle et al., 2006). The investigations carried out by the US Center
for Disease Control and Prevention (CDC) during the past decade
comparing pre- and post-ban levels of serum cotinine in non-
smokers showed a reduction of approximately 70% (Pearson et al.,
2009). Moreover, according to studies of nonresidential smoke-
free policies (Allwright et al., 2005; Farrelly et al., 2005; Fong et al.,
2006; Haw and Gruer 2007) and those of the International Agency
for Research on Cancer – IARC (IARC, 2009), only 100% smoke-free
measures are effective in reducing exposure to ETS and only total
smoking ban in indoor spaces fully protects non-smokers from ETS
exposure. The IARC studies also convincingly show that smoke-
free home policies reduce ETS exposure in children, reduce adult
smoking and may reduce youth smoking.
All three countries of the present study signed the WHO Fra-
mework Convention on Tobacco Control (FCTC) in 2004 and rati-
ﬁcation occurred in 2005 for Portugal and in 2006 for Romania
and Poland (WHO, 2003). However, although these countries haveand environmental tobacco smoke in mothers and children of
/10.1016/j.envres.2015.03.018i
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posure, the scope and character of those measures are different,
thus giving different protection against ETS exposure and its
harmful effects. The summary of MPOWER measures (WHO, 2013)
shows that, as of 31 December 2012, smoke-free legislation in
public places only covers health-care facilities in Romania and
public transport in Poland, whilst in Portugal, in addition to these,
also educational facilities (except universities outside of the
buildings, according to the national 37/2007 Law) are included.
Portugal also had a higher score for compliance with smoke-free
legislation as well as advertising, promotion and sponsorship bans
(covering both direct and indirect marketing), and a more com-
plete national tobacco control program, with a national agency
responsible for tobacco control objectives. It is then very likely that
the different status of the WHO FCTC in the three countries may
explain the lower national smoking prevalence of the Portuguese
general population and thus the lower ETS exposure (as de-
termined by the UC levels) of the children and non-smoking mo-
thers in the more controlled public buildings (schools included) in
the country. Even if speculatively (since, to the best of the authors
knowledge, no study has yet shown conﬁrmatory results), another
factor that may contribute to explain this lower exposure to ETS of
children and non-smoking mothers in PT may be the climate in
general warmest in this country when compared with the other
two. On the one hand, this better weather allow people to stay
outdoors more frequently and for longer periods, therefore redu-
cing the likelihood of being exposed to ETS; on the other hand,
milder weather conditions mean that there may be better air ex-
change inside houses and enclosed public spaces, reﬂecting the
greater frequency and duration of periods when the windows are
open, which also may lead to a reduction in exposure to ETS even
in homes and public spaces where there are smokers.
Although all three countries still have a long way to go to have
more effective, comprehensive and 100% smoke-free laws, the
results of the comparative analysis between them already provide
a valuable insight into the added value of more restrictive and
effective legislation in Portugal, for the protection from exposure
to tobacco smoke and consequent adverse health effects.
4.2. UC cut-off levels and misclassiﬁcation on smoking and ETS
exposure
The established country-speciﬁc optimal cut-offs to distinguish
smokers from non-smokers presented a great variation, with the
highest and lowest values differing by a factor of 57 or 7, respec-
tively, when based on uncorrected or creatinine-corrected UC data.
Nonetheless, all AUC values were above 90% and no statistical
differences were found in these values between countries, mean-
ing that the capacity of each country-speciﬁc optimal cut-off in
discriminating between smokers and non-smokers in the re-
spective country is high and equivalent in the three countries.
For children and non-smoking mothers, the country-speciﬁc
UC optimal cut-offs were very close, did not vary substantially
between countries (1.45–4.8 mg/L and 1.15–2.65 mg/L, for un-
corrected UC levels in children and mothers, respectively), and are
generally similar to the 2 and 2.5 mg/L reported by other authors
(Fustinoni et al., 2013; Man at al., 2009). Nevertheless, the efﬁ-
ciency of the test seems to vary with the country, mainly for
children, since the corresponding AUC values present statistically
signiﬁcant differences, either for uncorrected or creatinine-cor-
rected cotinine levels.
Overall, these ﬁndings show that the optimal UC country-spe-
ciﬁc cut-offs are similar among non-smoking mothers and chil-
dren, relatively reduced (except for the smoking status), and most
often lower in Portugal and higher in Romania, with lower sen-
sitivity in Portugal. This means that the levels of the ETS exposedPlease cite this article as: Lupsa, I.-R., et al., Urinary cotinine levels
Romania, Portugal and Poland.... Environ. Res. (2015), http://dx.doi.orgin Portugal “approximate” those of the non-exposed, leading to
more reduced levels of exposure for those exposed. On the con-
trary, the levels of the ETS non-exposed in the other two countries,
particularly in Romania, are shifted to higher values, “approx-
imating” those of the exposed. This ﬁnding can reﬂect the statis-
tically signiﬁcant differences in exposure between the countries,
not only with respect to the UC measured ETS levels, but probably
also to the reported prevalence of exposure. It does not reﬂect
however the (almost) signiﬁcantly higher self-reported smoking
prevalence in Portugal compared with the other two countries,
suggesting again a higher misreporting, particularly in Romania,
and a better accuracy of the WHO's Report (in comparison with
the self-reported smoking status of the mothers' study sample) in
representing the smoking prevalence relationship for the three
countries.
With exception for the self-reported Romanian non-smokers,
in all groups there is an improvement in correct classiﬁcation of
self-reported smoking status and ETS exposure extent by using the
literature cut-off point. Furthermore, since the optimal cut-off
points are determined using self-reported smoking status or re-
ported ETS exposure extent as the gold standard, within a popu-
lation (mainly from Romania), strongly suspected of misreporting
mainly concerning smoking, for inter country comparative pur-
poses, the literature cut-off seems to be the most reliable.
According to our ﬁndings, children and non-smoking women of
the study sample from Romania, Poland and Portugal were ex-
posed to ETS in the last 24 h before sampling, at such levels that
some of them classify as active smokers. These ﬁndings and others
relative to misclassiﬁcation based on the literature cut-off reﬂect
the lack of adequate tobacco control in the three countries, al-
though at different levels, and support the process to enact and
enforce 100% smoke-free legislation that bans smoking, thus pre-
venting the pollutant (tobacco smoke) from affecting people's
health (WHO, 2007). Protecting children from ETS exposure at
places that are traditionally considered off limits to governmental
or other outside intervention (homes, parents' cars and other
private places) must also be addressed. Studies like ours, pro-
moting awareness of the seriousness of the problem, are im-
portant ﬁrst steps.
Findings on the optimal country- and group-speciﬁc cut-offs
also strengthen the urgent need to enforce anti-smoking legisla-
tion and education, to improve health outcomes, particularly for
children, but for the general population too, enforcements which
can emulate the success of decreased blood lead levels since the
ban of leaded gasoline.
Misreporting typically is related to cultural factors, level of
social pressure in relation to tobacco control measures, and in-
dividual awareness on the risks associated with smoking and ETS
exposure. It is very likely that this misclassiﬁcation, due to mis-
reporting, would not be comparable between countries. Although
they can present similar values, the shifts in the distributions of
the UC levels of each group and the respective over- or under-
estimation of the country-speciﬁc cut-offs may be related to dif-
ferent levels of the UC values, leading to a limited usefulness for
inter country comparative purposes.5. Conclusions
The DEMOCOPHES pilot study implemented in Romania, Po-
land and Portugal generated valuable information on smoking
status and extent of exposure to tobacco smoke.
The ﬁndings of the study support public health policy-makers
not only to enact and enforce legislation for 100% smoking ban in
public places, but also to implement strategies and educational
programs to reduce ETS exposure in the households and otherand environmental tobacco smoke in mothers and children of
/10.1016/j.envres.2015.03.018i
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The comparable UC optimal cut-off values between countries
(both in non-smoking mothers and their children), or between
corresponding cotinine and creatinine-adjusted values demon-
strate the added-value of the harmonization of all included pro-
cedures, in particular those related to the questionnaires, ﬁeld
study organization, samples handling and the guaranty of the high
quality of cotinine and creatinine measurements, which is the
hallmark of the COPHES/DEMOCOPHES projects.
The cut-off levels established by this study, although useless for
inter country comparative purposes, constitute a valuable output
that can be used to monitor effectiveness of national anti-smoking
and educational programs, designed to decrease exposure to and
impact of ETS, one of the most preventable environmental pollu-
tant, and to protect public environmental health in the context of a
sustainable development. They may also be used to evidence the
burden of disease attributable to ETS exposure in each country.
To support health decision-makers, the ﬁndings on mis-
classiﬁcation are also good contributions, in the sense of providing
an indication for action. Their relatively low level in relation to the
maternal smoking status reﬂect reasonably accurate self-reporting
among study participants, likely due to a natural lack of the high
social and cultural pressure typically associated to strong, effective
and strongly enforced smoke-free legislation. The probable re-
duced maternal awareness on the risks posed by the ETS exposure,
the undervaluation or non-recognition of that exposure, and
consequent under-reporting, may also be explained by the low/
moderate tobacco control status in the countries of the study
population, something which again calls for the need of educa-
tional and awareness programs and promotion of effective anti-
tobacco campaigns.
In terms of future prospects of this study, it is worth saying that
some of the authors aim to gain access to data of all countries
participating in the DEMOCOPHES Project, to extend the study to
the largest possible number of countries with comparable data.
The obvious advantages are, ﬁrst and foremost, in terms of com-
parison of information on smoking and level of exposure to ETS
from the 17 countries, some of them with a very different legis-
lation on tobacco control. The results of this future study might
constitute a much better support for the policy makers of public
health in the ﬁght to ensure the legitimate right to a smoke-free
environment for all, especially for children.Financial support
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